Exposure of exponential-phase cultures of Streptococcus faecalis to any of three inhibitors of protein synthesis was accompanied by an increase in the average distance that the cross wall extended into the cytoplasm. This resulted in: (i) an increase in the average surface area of the cross wall (Sa) and (ii) septation occurring in the envelope growth sites that were much smaller than the controls. However, although at the concentrations used, all three antibiotics inhibited protein synthesis and autolytic capacity to the same extent and with the same kinetics, cells treated with these agents showed large differences in the rate at which Sa values increased above those of the untreated cells. The largest increases in Sa were observed in cells that synthesized the least amount of cytoplasmic macromolecules (deoxyribonucleic acid, plus ribonucleic acid, plus protein). The observations were interpreted in terms of a model in which a decreased lytic capacity reduces the rate of splitting of the nascent cross wall into two layers of peripheral wall, preferentially using wall precursors to close open cross walls. However, the extent to which centripetal growth occurs would be inversely related to the rate at which cytoplasmic macromolecules are synthesized. In contrast, inhibition of deoxyribonucleic acid synthesis was accompanied by decreased extension of the leading edge of the cross wall into the cytoplasm, thus antagonizing septation. These findings are discussed in relation to the normal cell division cycle of S. faecalis.
Ultrastructural studies of exponential-phase cells of Streptococcus faecalis have shown that envelope growth proceeds primarily by the assembly of wall precursors at a limited number of surface sites (8, 9, 11) . Because surface enlargement occurs between pairs ofnaturally occurring surface markers (Fig. 1A) , growth of these sites can be studied in electron micrographs of these cells.
It has been proposed that during a round of growth these sites increase in area by the progressive autolytic cleavage of the cross wall into two layers of peripheral wall (9) (10) (11) . As the two peripheral wall segments grow in area, the surface markers are displaced bilaterally from the center of a site. According to this model, the autolytic enzyme is involved in regulating both the rate at which the cross wall layers are split and the amount of remodeling that takes place as the separating layers expand into polar caps (11, 16) . During the early phase of a round of surface growth when the capacity of cells to undergo autolysis has been shown to be maximal (13) , cross wall separation and expansion would also be maximal. In this phase, cell wall precursors are used to assemble growing cross walls and are also intercalated into expanding cross wall surfaces as they separate into peripheral wall (11) . However, in the later phases of the cycle when the cellular autolytic capacity begins to decrease (13) [7] ). At a given culture density, the amounts of isotopes incorporated into trichloroacetic acid precipitates were converted to micrograms of each macromolecular species by using the known composition of exponential-phase cells of S. faecalis grown at a doubling time of 32 
RESULTS
The effects of inhibiting DNA and protein synthesis on the surface growth of S. faecalis were investigated by building three-dimensional reconstructions of the envelope growth sites taken randomly from thin sections of inhibited and untreated cells (Fig. 1A) (5) . Each population of sites was sized on the basis of the amount of surface area found in their peripheral walls (Pa) (Fig. 1A) (1, 11). After being sized, various measurements which characterize the geometry of these sites were compared after various times and types of inhibition. These measurements were as follows: (i) The diameter of the cross wall (Dmm,, the minimum diameter of each site) (Fig. 1A) ; (ii) the distance that the cross wall extends into the cytoplasm (S) (Fig. 1A) ; (iii) the diameter of the site at the position marked by the raised bands (Dmax, the maximum diameter of the site) (Fig. 1A) ; and (iv) the surface area of the cross wall (Sa) (Fig. 1A) . Figure 1B shows that in untreated exponential-phase cells (doubling time = 32 min), Dmml decreases as 2S increases, as sites increase in Pa (i.e., as sites increase in size, the diameter of their nascent cross walls decreases and the leading edge of the cross-wall progressively extends further into the cytoplasm). Values of 2S continue to increase until they merge with those of Dmji. The point of merger of these two lines is an estimation of the average size of a site at septation. In this case (Fig. 1B) , this occurs after about 1.4 ,Am2 of Pa has been assembled. After septation, Dmmi values continue to decrease until the cross wall is severed and cell separation is completed (i.e., when Dmm, equals zero). In contrast to the changing geometry of the cross wall during a round of growth, Dmax, values remain relatively constant throughout the process.
Effects of the inhibitors of protein synthesis. Past studies showed that within 20 min after the addition of 5 ,ug of AZA per ml, 50 ,ug of CAP per ml, or 0.25 ,ug of ACT per ml to an exponential-phase culture of S. faecalis, protein synthesis was reduced to less than 10% of that measured in the untreated controls (6, 7). It was also shown that inhibition of protein synthesis resulted in inhibition of cell separation (7) and of the capacity of cells of S. faecalis to autolyze (14) . Results shown in Fig. 2 confirm previous results by showing that at the concentrations used in this study, AZA, CAP, and ACT all rapidly reduced the capacity of exponentialphase cells to autolyze and inhibited cell separation at similar rates and extents. Increases in cell number decreased after addition of the antibiotics (Fig. 2B ), but at a somewhat slower rate than that observed for ability of cells to autolyze ( Fig. 2A) . Reversal of AZA inhibition, which at the concentration used occurs after about 45 to 60 min (7), was accompanied by a resumption of cell separation at about 40 to 60 min (Fig. 2B) .
The morphological effects induced by the addition of these inhibitors to exponential-phase cultures for 15 to 20 min are shown in Figure  1C -E. An increase in the penetration of the cross-wall into the cytoplasm (i.e., an increase in 2S) can be observed in each case. However, these increases in 2S were not accompanied by (Fig. 3B-D) where it appears that division furrow contraction (decrease in Dmmri) has not kept pace with centripetal crosswall growth (increase in 2S). This results in: (i) septation occurring at much lower Pa values than those observed in the control cells (e.g., the average amount of Pa found in sites at cell division decreased from 1.4 ,um2 to 1.22, 1.0, and 0.7 um2 after treatment with AZA, CAP, and ACT, respectively [ Fig. 1]) ; and (ii) an increase in the amount of surface area found in the crosswalls of treated cells (Fig. 3) .
Since the increases in S. (Fig. 1A) (Fig. 4A) .
These results were somewhat unexpected on theoretical grounds, since the kinetics and extent of inhibition of cell separation (Fig. 2B) , autolytic capacity ( Fig. 2A) , and protein synthesis (7) for all three inhibitions of protein synthesis were very similar. A somewhat better correlation could be made between S. values and the amount of cytoplasmic macromolecules synthesized by these cultures (Fig. 4B) . By comparing Fig. 4A with Fig. 4B it can be seen that the largest increases in Sa appeared in those cells that synthesized the least amounts of cytoplasmic compounds (ACT > CAP > AZA). The differences in the amount of cytoplasmic macromolecules synthesized result from: (i) ACT inhibiting both protein and RNA synthesis; (ii) CAP inhibiting protein synthesis but allowing RNA synthesis to occur at a reduced rate; and (iii) AZA inhibiting protein but not RNA synthesis (7). Therefore, given the similar effects on cell separation (Fig. 2B) (4) . When this inhibitor is added to exponentialphase cultures, rates of cellular autolysis were not reduced greatly until after 25 min of treatment ( Fig. 2A) . After 25 min, lytic capacity decreased to about 50% of the control rate.
Morphological examination of growth sites found in MIT cells during the initial 15 to 30 min of treatment when cells continued to divide (data for cells treated for 30 min not shown in Fig. 5 ) showed that at Pa values greater than about 0.5 Am2, 2S values did not increase by the same magnitude as seen in the control cells (Fig.  5A) . This resulted in a small increase in the size of sites at septation (i.e., an increase from 1.4 to 1.57 ,um2 of Pa). Analysis of zones taken from cultures after cell separation had been blocked showed further reduction of 2S measurements and, in addition, an inability of Dmm values to decrease normally (Fig. 5B) . These effects resulted in the accumulation of a population of cells with open cross-walls (Fig. 6) .
DISCUSSION
When cellular autolytic capacity of exponential-phase cells of Streptococcus faecalis was reduced by inhibition of protein synthesis which followed treatment with three different antibiotics, cell wall synthesis was preferentially directed toward closing open cross walls ( Fig. 1 and 3 ). This effect resulted from the inward centripetal growth of cross walls accompanied by an inability of the division furrow to contract normally.
In terms of previous models of envelope growth for this organism (7, 11, 16) , these results are interpreted to indicate that when lytic capacity is lowered, the rate at which the cross wall can be split and expand into two layers of peripheral wall is also reduced. Therefore, as peripheral wall growth is inhibited, cell wall precursors are used to extend and close the leading edge of the cross wall. This pattern of growth was found to increase the average Sa.
The surprising observation made here was that, even though the three antibiotics used reduced autolytic capacity at the same rate and to the same extent, the average amount of Sa measured in these cells varied considerably. It appeared that the largest increases in Sa occurred in those cells that accumulated the least amounts of cytoplasmic macromolecules. Thus, it seems that while a decrease in autolytic capacity does result in a preferential use of wall precursors to close open cross walls, this effect is modulated by the synthesis of cytoplasmic macromolecules in these cells.
The mechanism to explain the postulated modulation is unknown; however, it could be a simple physical process in which synthesized macromolecules would increase an internal "splitting pressure" placed on the separating DNA synthesis with mitomycin (12, 13) .
In summary, although existing evidence supports a previously proposed model for the envelope growth of S. faecalis (16) suggesting a linkage between chromosome replications, lytic activity, and septation, this model needs to be modified to explain the observed effects on cross wall growth produced by the residual synthesis of cytoplasmic macromolecules in inhibited cells.
